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ABSTRACT 

Seedfall  from  the  very  heavy  white  and  Shasta 
red  fir  seed  crops  in  1968  and  1971  declined  very 
rapidly  with  increasing  distance  from  the  stand  edge 
on  a  40-acre  clearcut.    Southwesterly  winds  appear 
to  be  most  important  in  dispersal.    Strip  clearcuts 
elongated  northwest-southeast  or  shelterwoods  pro- 
vide the  best  assurance  of  adequate  seed  supply  and 
favorable  conditions  for  seedling  establishment. 
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Seed  supply  is  a  key  factor  in  natural  regeneration  of  forest 
stands.     Consequently,  seeding  habits  received  early  attention  in  a 
research  program  on  natural  regeneration  of  upper-slope  forests  begun 
in  1961.     An  initial  long-term  study  involved  cone  production  by 
selected  species  (Franklin  1968,  Franklin  et  al.    1974).    In  1967, 
research  was  extended  to  measurements  of  seedfall  to  relate  the  cone 
data  to  viable  seed  production  and  measure  dissemination  on  partially 
cut  and  clearcut  areas.     These  and  other  studies  of  upper-slope  seeding 
habits  continue.     Rather  than  waiting  until  all  are  completed,  we  will 
report  results  of  small  but  self-contained  study  segments  which  are 
valuable  in  providing  foresters  with  guidelines  for  selection  of 
silvicultural  techniques. 

Dissemination  of  very  heavy  1968  and  1971  Shasta  red  fir  (Abies 
magnifioa  var.  shastensis)  and  white  fir  (Abies  eoncolov)  cone  crops 
on  a  clearcut  in  the  southern  Oregon  Cascade  Range  is  the  subject  of 
this  report.  Most  data  concern  relationships  between  seedfall  and 
distance  from  seed  source.  Although  based  on  a  single  case  history, 
this  report  provides  information  useful  in  selecting  clearcut  sizes 
suitable  for  upper-slope  true  fir  forests. 


STUDY  METHODS 


The  clearcut  studied  is  located  at  about  5,100-foot  elevation  near 
Bessie  Rock  on  the  Prospect  Ranger  District,  Rogue  River  National  Forest. 
This  is  within  the  Crater  Lake  Province  of  the  Oregon  High  Cascades 
(Franklin  1965) .     The  40-acre  tract  was  logged  in  1961.     The  gently 
sloping  area  is  in  a  midslope  position  with  highest  elevations  to  the 
north;  exposure  is  southerly.     The  surrounding  stand  is  composed  of 
Shasta  red  fir  (53  percent  of  basal  area),  white  fir  (21  percent), 
western  white  pine  (Pinus  monticola)   (18  percent) ,  Douglas-fir 
(Pseudotsuga  menziesii) ,  and  mountain  hemlock  (Tsuga  mertensiana) 
(4  percent  each) .     Dominant  Shasta  red  firs  were  some  123  to  137  years 
of  age.     Characteristics  of  only  the  true  fir  stand  components  adjacent 
to  the  four  seed  trap  transects  are  as  follows  (height  is  average  of 
two  dominant  Shasta  red  fir  trees,  and  basal  area  and  trees  per  acre 
are  for  trees  over  5-inch  d.b.h.  based  on  a  1-acre  plot): 

Clearcut 

edge_        Tree  height  Basal  area  Trees  Red  fir        White  fir 

(Feet)  (Ft2/acre)  (No. /acre)  (Percent  of  true  fir 

basal  area) 

North                  176  41  65  79  21 

South                  161  56  98  82  18 

West                    123  27  90  66  34 

East                    150  32  71  63  37 


White  firs  average  10  to  20  feet  shorter  than  the  Shasta  red  firs  on 
this  site. 
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Seed  production  and  dissemination  were  measured  using  four  groups 
of  seed  trap  transects  extending  at  right  angles  from  each  timber  edge 
toward  the  center  of  the  essentially  rectangular  clearcut  (fig.  1). 


200 
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 i 
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Figure  1. — Layout  of  seed  traps  on  clearcut  area. 
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Sixteen  traps  were  used  in  each  transect  group,  with  four  traps  placed 
at  0,  125,  250,  and  375  feet  from  the  stand  edge  for  a  total  of  64 
traps.     The  1-  by  2-foot  seed  traps  were  constructed  as  described  by 
Herman  (1963)  with  an  additional  crossmember  in  the  top  half  of  the 
trap  to  support  heavy  snow  loads. 

Trapping  began  during  the  1967  seed  year,  but  the  true  fir  seed 
crop  was  insufficient  for  statistical  analysis.     In  1968,  true  firs 
produced  a  very  heavy  cone  crop  which  provided  the  seedfall  data 
reported  here.     Seeds  were  collected  from  the  traps  on  about  October  1, 
November  1,  and  again  the  following  spring  as  soon  as  snow  conditions 
permitted.     Seed  soundness  was  determined  by  a  cuttfing  test.  Collec- 
tions were  repeated  for  the  very  heavy  true  fir  cone  crop  in  1971 
using  the  same  procedures. 


STATISTICAL  ANALYSES 


A  variety  of  regression  analyses  were  conducted  to  determine  the 
relationship  between  distance  from  stand  edge  and: 
sound  Shasta  red  fir  seed, 
sound  white  fir  seed, 

sound  true  fir  seed  (Shasta  red  and  white), 
total  true  fir  seed, 

ratio  of  sound  true  fir  to  total  true  fir  seed,  and 
ratio  of  Shasta  red  fir  to  total  true  fir  seed. 
These  analyses  were  conducted  separately  for  all  four  transects  or 
clearcut  margins.     The  regression  model  was  of  the  form 

loge  iy+1)  =  a  +  b  (|) 

where  y  =  number  of  seed  (trap  counts)  and  x  =  distance  from  stand 
edge.     Covariance  analyses  were  conducted  for  each  set  of  four  equa- 
tions to  determine  whether  the  regression  surfaces  (slopes  and  inter- 
cepts) were  significantly  different. 


RESULTS 


The  1968  and  1971  seed  crops  are  compared  in  table  1.     Total  seed- 
fall  was  higher  in  1968,  but  numbers  of  sound  seed  were  greater  in  1971 
because  seed  quality  (percent  filled  seed)  was  substantially  better  in 
1971.     The  proportion  of  white  fir  seed  was  also  greater  in  1971  than 
in  1968  (32.4  versus  15.4  percent  of  all  true  fir  seed  collected). 

Seedfall  thins  out  very  rapidly  with  distance  from  the  stand  edge 
(table  2,  fig.  2).    The  pattern  is  very  similar  for  both  years.  In 
1968,  seedfall  at  the  clearcut  margins  varied  between  about  200,000 
and  400,000  sound  white  and  Shasta  red  fir  seeds  per  acre.     At  125 
feet,  seedfall  is  down  to  about  25  percent  of  the  stand-edge  value; 
and  it  averages  about  10  percent  (30,000  sound  seeds  per  acre)  at 
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Table  1. — Characteristics  of  the  seedtrap  collections 
from  1968  and  19  71  true  fir  seed  crops 


Seed  characteristic 


Shasta  red  fir: 
Number  of  seed 
Number  of  sound  seed 
Percent  of  sound  seed 

White  fir: 

Number  of  seed 
Number  of  sound  seed 
Percent  of  sound  seed 


Seed  crop  year 


1968 


1,544 
192 
12.4 


280 
137 
48.9 


1971 


1,048 
348 
33.2 


/7*  <5>t  k^ie  tab  4m 


503 
99 
19.7 


All  true  firs: 
Number  of  seed 
Number  of  sound  seed 
Percent  of  sound  seed 


1,824 
329 
18.0 


1,551 
447 
28.8 


375  feet.     In  1971,  the  stand  edge  values  were  somewhat  higher,  with 
seedfall  decreasing  by  about  two-thirds  in  the  first  125  feet  from 
the  stand  edge  and  almost  90  percent  at  375  feet. 

The  various  regression  analyses  confirm  what  is  obvious  from 
inspection  of  the  data — seedfall  is  significantly  correlated  with 
distance  from  stand  edge.     This  is  true  regardless  of  the  measure 
used,  i.e.,  sound  Shasta  red  fir,  sound  true  fir,  total  true  fir  seed, 
etc.     The  analyses  allow  us  to  draw  some  additional  inferences,  however. 
The  analyses  of  sound  true  fir  seedfall  in  1968  are  our  example 
(essentially  all  analyses  showed  the  same  result) .     (1)  All  four 
transects  (north,  south,  east,  and  west)  have  highly  significant 
correlations  between  seedfall  and  distance  from  stand  edge.     (2)  The 
regression  coefficients  are  not  significantly  different  (i.e.,  the 
slope  of  the  regression  line  is  the  same  for  all  four  transects)  but 
the  means  are  significantly  different  (i.e.,  the  absolute  amounts  of 
seedfall  vary  significantly  between  transects) .     (3)  The  common  re- 
gression line  is  strongly  curvilinear  and  predicts  a  more  rapid 
decrease  in  seedfall  during  the  first  125  feet  and  a  flatter  relation- 
ship beyond  than  is  apparent  in  the  data  (273,000  sound  seeds  per  acre 
at  1  foot  from  the  stand  edge  and  38,000  at  125,  250,  and  375  feet). 
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Table  2. — Numbers  of  sound  white  and  Shasta  red  fir  seed 
■per  acre  from  the  1968  and  1971  seed  years  by 
distance  from  stand  edge  and  ctearcut  margin^ 


Clearcut  margin 

Distance  from  stand  edge  in  feet 

U 

125 

250 

J  /_> 

— Thousand  seeds  

X.700  seeu  ytiair. 

All"*  v  -f-l-i 

in  o  run 

381 

136 

54 

38 

South 

229 

82 

44 

38 

West 

250 

49 

33 

33 

East 

343 

49 

27 

11 

Average,  a±±  transects 

301 

79 

40 

30 

1971  seed  year: 

North 

234 

101 

58 

32 

South 

542 

228 

90 

74 

West 

303 

74 

117 

48 

East 

276 

96 

74 

21 

Average,  all  transects 

339 

125 

85 

44 

—  Each  figure  (except  for  the  "average"  row)  is  based  on 
sound  seed  collected  in  four  1-  by  2-foot  traps  converted  to  a 
per-acre  basis  and  rounded  to  the  nearest  thousand. 


There  was  no  consistent  relationship  between  stand  edge  and  the 
amount  of  seedfall  even  though  there  were  significant  differences.  In 
1968,  the  northern  boundary  had  the  highest  seedfall  and  the  southern 
the  lowest;  in  1971,  this  relationship  was  reversed  (table  2).  In 
1971,  amount  of  seedfall  at  the  various  clearcut  boundaries  did  have 
the  same  ranking  as  the  number  of  true  fir  trees  per  acre — south,  west, 
east,  and  north — but  this  was  not  so  in  1968. 

Neither  the  ratio  of  sound  to  total  true  fir  seed  nor  the  ratio 
of  total  red  fir  to  total  true  fir  seed  varies  significantly  with 
distance  from  stand  edge.     From  these  analyses,  we  can  infer  that 
sound  and  empty  seeds  and  white  and  Shasta  red  fir  seeds  were  showing 
no  significant  differences  in  flight  distance. 
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DISTANCE  FROM  CLEARCUT  BOUNDARY  (FEET) 

Figure  2. — Average  white  and  Shasta  red  fir 
seedfall  from  the  1968  and  1971  seed  crops 
by  clearcut  boundary  and  distance  from 
the  stand  edge. 


DISCUSSION  AND  CONCLUSIONS 


If  seed  were  disseminated  primarily  by  winds  from  one  direction, 
such  as  the  storm  winds  from  the  southwest,  we  would  expect  significant 
differences  in  regression  coefficients  for  the  various  transects  or 
clearcut  boundaries.    We  might  expect  seed  to  fly  farther  from  the 
southern  and  western  clearcut  boundaries,  for  example.     The  statistical 
analyses  do  not  show  such  differences. 

Nevertheless,  there  is  some  indication  that  seed  is  disseminated 
farther  from  the  southern  and  western  clearcut  boundaries.     In  1968, 
seedfall  375  feet  from  the  eastern  boundary  of  the  clearcut  was  only 
3  percent  of  the  value  at  the  stand  edge  whereas  it  was  16  and  14  per- 
cent at  the  same  distance  from  the  southern  and  western  boundaries, 
respectively  (table  2) .     The  situation  is  not  as  marked  in  1971,  although 
the  percent  of  stand-edge  seedfall  at  375  feet  is  still  substantially 
lower  (8  percent)  on  the  eastern  transect  than  on  the  remainder  (14  to 
16  percent) . 

These  observations,  which  are  not  supported  by  the  statistical 
analyses,  would  confirm  those  of  Gratkowski  (1958)  and  Gordon  (1970) 
who  found  much  heavier  true  fir  seedfall  on  southwest  sides  of  cuttings 
than  on  northeast  margins.     This  tendency  for  dispersal  on  strong 
southwesterly  storm  winds  does  have  a  very  logical  basis  as  indicated 
by  Gordon  (1970,  p.  7) . 

Large  amounts  of  seed  fell  in  1968  and  1971  even  on  central  portions 
of  this  40-acre  clearcut.     It  will  be  more  than  adequate  for  regeneration, 
provided  1  percent  of  the  sound  seed  produces  established  seedlings.  If 
the  established  seedling  to  sound  seed  ratio  falls  much  below  1  percent, 
seed  supply  will  quickly  become  critical  beyond  125  feet  from  the  edge, 
however.     This  points  out  the  importance  of  providing  the  most  favor- 
able environmental  conditions  for  seedling  establishment — mineral  soil 
seed  beds  and  some  shade. 

Cutting  methods  recommended  for  red  and  white  fir  forests  are  strip 
clearcut  and  shelterwood  which  will  provide  abundant  seed  and  favorable 
conditions  for  seedling  establishment  (Gordon  1970,  1973).     Our  data 
suggest  that  clearcuts  should  be  kept  well  below  40  acres  in  size  and 
elongated  in  a  northwest-southeast  direction  to  favor  seed  dispersal 
by  the  southwesterly  winds. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks.  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


Mailing  address: 

Pacific  Northwest  Forest  and  Range 

Experiment  Station 
P.O.  Box  3141,  Portland,  Oregon  97208 


GPO  990-104 


The  FOREST  SERVICE  of  the  U.  S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research,  co- 
operation with  the  States  and  private  forest  owners,  and  man- 
agement of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation, 


